Functional magnetic resonance (
Introduction
Brain function has been the subject of many studies of brain activation using radioisotope tracers since 1890.36) Recent developments of imaging methods now allow the direct imaging of brain function. Focal physiological changes within the brain follow ing various types of focal stimulation have been ob served by functional brain imaging methods."',") Functional mapping of the human brain using magnetic resonance (MR) imaging has recently been developed. This method is based on the use of deox yhemoglobin as an endogenous paramagnetic con trast agent that shortens the T2* time of the tissue. Studies have shown that blood flow in the somatosen sory cortex is increased by 29%, whereas oxygen con sumption is increased by only 5%.14) This uncoupling of blood flow and oxygen consumption leads to an in creased concentration of oxygenated blood and a concomitant decrease in deoxyhemoglobin. 15) The reduced concentration of deoxyhemoglobin results in the intensity of tissue signal increasing. 23, 32, 35) This study evaluated functional MR imaging of the human motor cortex using a 2.0 T system and conventional fast low-angle shot (FLASH) se quences.
Materials and Methods
MR imaging was performed using a 2.0 T supercon ducting system with a Quadrature Detection head coil (Siemens-Asahi Meditec, Tokyo Five normal subjects and one patient with menin gioma were investigated. The motor task consisted of repetitive finger to thumb opposition movements. Single-slice studies used the following sequence of im ages: four resting images four task images 12 resting images four task images eight resting im ages. The signal intensity from a region of interest in either the activated area or contralateral area was calculated in each image. Percentage changes in signal intensity of each image relative to the signal in tensity of the first resting image were also evaluated. Multiple-slice studies consisted of three sets of four resting images and four task images. A subtraction image was generated by subtracting the mean baseline imaging data (the initial four resting images) from the mean data obtained during performance of the first task (four images). The subtraction image was superimposed on a Ti-weighted image for the identification of the motor cortex.
The analysis of variance and Fisher test were used to determine significant differences in the changes of signal intensity of the activated area between the right and left-sided finger tasks. Informed consent was obtained from all subjects prior to the investiga tion. A high intensity area in the motor cortex was seen (arrow). upper row: Right finger task, mid dle row: left finger task, lower row: bilateral finger task.
Our study also found that the motor area located along the sulci of the motor cortex became more Fig. 3 Single-slice study. Subtraction image was superimposed on the TI-weighted image. The activated area was almost consistent with primary motor cortex (arrow). left: Right finger task, center: left finger task, right: bilateral finger task. . 6 ) passing through the primary motor cortex were selected (arrowheads). Fig. 6 Multiple-slice study. Three subtraction images of right finger task (middle row) and left finger task (lower row) (based on axial images in Fig. 5) . A high intensity area in the motor cortex was seen (arrow). is influenced by the T2*, the imaging parameters (flip angle, TE, TR, and slice thickness), and the field strength.',") A high magnetic field strength amplifies the signal changes on gradient echo images sec ondary to neuronal activation.20) Voxel size also affects the signal intensity during functional MR im aging, probably due to partial volume averaging. l6) The main cause of intensity changes during func tional MR imaging is believed to be change in the deoxyhemoglobin concentration induced by changes in the balance of blood flow and oxygen consump tion, although other reasons such as inflow effects have also been suggested .9,12,") Frahm et al.") point ed out that activation might occur in both areas of primary cortical activity and in more remote vessels, and thus represent regional rather than focal flow increases as well as the downstream effect of deoxyhemoglobin in the draining veins. The clinical potential of functional MR imaging is the possibility of mapping functional activity with greater spatial and temporal resolution than using other functional imaging methods. Functional MR imaging has also been applied to the sensory cortex,27) the visual cortex,s,8,9,16,21,2a,29,3a) the audi tory cortex, 30,33) and the language cortex.', 10,18,22,26) Preoperative identification of these eloquent areas is often essential in planning the neurosurgical ap proach and avoiding injury to eloquent areas during surgery. We tried to use functional MR imaging for presurgical mapping of the motor cortex in a patient with a meningioma, and obtained useful information about posterior displacement of the motor cortex by the tumor. 
